Summary.-A simple liquid culture technique has been used to study peripheral blood from patients with acute myelogenous leukaemia. Evidence is presented that cells from morphologically identical types of leukaemia have differing capacity for " differentiation " from free floating blast cells into plastic-adherent, phagocytic, trypsin-resistant macrophage-like cells with Fc and C 3 receptors. Preliminary analysis suggests that patients whose cells have the greatest capacity for " differentiation " have a better chance of achieving complete remission.
UNCONTROLLED proliferation of primitive cells and failure of normal differentiation are thought to be basic defects leading to acute leukaemia. The use of in vitro culture is an obvious way to investigate this problem, but until the early 1 960s the majority of research workers found the culture of normal and abnormal haemopoietic cells to be very difficult (Woodliff, 1964) . In a variety of systems (Woodliff, 1964; Woodliff, 1958; Woodliff, 1961; Osgood and Brooke, 1958; Lewis and Lewis, 1911; Carrel and Burrows, 1911 ) cells only survived a few days and showed little evidence of multiplication or differentiation.
With the discovery of growth stimulating factors such as CSF (colony stimulating factor) and the introduction of a semisolid agar culture system, actual growth and differentiation of mouse (Pluznik and Sachs, 1965; Bradley and Metcalf, 1966) and human (Pike and Robinson, 1970) bone marrow cells were obtained.
Despite some reports to the contrary (Senn, McCulloch and Till, 1967; Iscove et al., 1971 ) the agar system has been found to support the growth of acute and chronic granulocytic leukaemia cells (Paran et al., 1970; Moore, Williams and Metcalf, 1973; Robinson, Kurnik and Pike, 1971) . Variation between reports is considerable (Senn et al., 1967; Paran et al., 1970; Moore et al., 1973; Robinson et al., 1971; Brown and Carbonne, 1971 ; Greenberg, Nichols and Shrier, 1971; Iscove et al., 1971) , but this may be due to differences in method and the small number of patients in each study. In a study of 127 cases of pre-treatment acute leukaemias, Moore et al. (1974) reported a variety of growth patterns indicating a spectrum of normal to abnormal growth and differentiation. Although agar cultures have contributed much to our knowledge of normal and abnormal myelopoiesis and factors influencing it (Metcalfe, 1973) , cellular mobility and interaction are not easily studied using this system and retrieval of cells is difficult. Therefore, it was a welcome advance when liquid culture systems for mouse (Sumner et al., 1972) and human bone marrow cells (Golde and Cline, 1973) Other workers have reported leukaemia cell growth in less complicated culture with, and in some cases, without stimulating factors (Aye, Till and McCulloch, 1972; Aye et al., 1974a; Aye, Till and McCulloch, 1974b) , but again only small numbers of patients were studied and some of the patients had recently received chemotherapy. These workers found no evidence of cellular differentiation (Aye et al., 1974a) .
We reported in 1974 that in a simple quaintitative liquid microculture system the majority of AML cells would proliferate (Balkwill, Pindar and Crowther, 1974) and in this paper we wish to describe morphological and functional studies on these cells grown in both the m-icrosystem and larger culture vessels.
AIATERIALS AND) METHODS
Preparation of the cells.-Fresh peripheral blasts from untreated patients with AML, or buffy-coat cells from normal individuals, were separated from h-eparinized blood (300 units mucous preservativ-e-free heparin to 10 ml blood) by the addition of 1% methyl cellulose (3 ml to 10 ml blood). This was allowed to sediment for 15 min at rooni temperature, when the buffy coat was removed and washed once in medium RPM1 1640 (Gribco Biocult Ltd). Liquid-nitrogenstored pre-treatment peripheral blasts were thawed at 37°C and then diluted dropwise over 10 minutes with RPM1 1640 to ensure good viability as previously described (Balkwill et al., 1974; Williams, Ficat and Oliver, 1975 These were incubated at 37°C for 30 min and then washed x 2 again before being added to the cells in the culture flasks. The cultures were incubated at 37°C for two hours and then the non-adherent cells + bacteria were removed from the bottles, washed x 3 with slow spinning in order to remove the majority of non-ingested bacteria, and then cytocentrifuge preparations were made of the cell pellet. Adherent cells were washed x 3 in RPM1 1640 by gentle pipetting and then wet-fixed in methanol. All preparations were Gram stained and counterstained with neutral red. May-Grtinwald-Giemsa (MGG) stained preparations of the non-adherent cells revealed a large variety and spectrum of normal and abnormal differentiation of monocyte and granulocytes, precursor cells (Fig. 2) and in some cultures a, few mature polymorphs (Fig. 3) . The adherent population, however, had the appearance of mature mononuclear phagocytes (see Fig. 1 ).
In order to investigate the relevance of these two populations of cells to the lisease, each pre-treatment fresh PB culture was classified as to the number of typical adherent cells per x ]50 high power phase contrast field. The cultures were always scored on the 3rd or 4th day of growth. The cultures were classified as shown in Fig. 4 For explanation of classification see Fig. 4 . Receptors.-Eleven liquid nitrogen stored blast cell cultures (3 + + +, 6 +, 2 -) and 3 fresh normal cell cultures were set up as described in Methods to assess the presence of the Fc and C3 receptor on these cells pre-culture, and Days 1, 4-5 and 7-8 of culture. After culture a high proportion of the adherent cells were found to have both C3 and Fc receptors as Fig. 6 shows. The finding that the EA rosettes were invariably phagocytosed during the incubation time, whereas the EAC rosettes were never ingested, was unequivocal throughout the whole series of experiments. Also, the value of E or E-IgM rosettes was never greater than 1%.
A summary of the results obtained in the series of receptor experiments is shown in Fig. 7 . These results clearly show that mature cells possessing the C3 and Fc receptor first developed in the supernatants of the + + + cultures, and then increasing numbers were found amongst the plastic-adherent cells. No differentiation of this kind was found in the +, -or the normal cultures studied, although at 7 days a few receptor positive cells did appear in the floating population.
Relationship of type of culture to diagnosis.- Table III shows the relationship of type of culture to diagnosis and indicates that although there is a definite tendency towards a greater percentage of adherent cells in patients with acute myelomonocytic leukaemia, this does not always occur. In addition, many of the so-called acute myelogenous leukaemias (32%) have quite large proportions of adherent cells (the + + + and + + groups). Cultural characteristics and response to treatment.-The patients in this study received standard chemotherapy induction using protocols which have been reported in detail elsewhere (Crowther et al., 1973) . Table IV found by other workers (Golde and Cline, 1973; Aye et al., 1974a and b; Osgood et al., 1951) . This in vitro proliferation is not found in normal peripheral blood. Secondly, the studies have indicated that cells from some patients are capable of differentiating along the monocyte/macrophage pathway, developing phagocytic capacity, trypsin resistance and Fc and C3 receptors. Similar differing degrees of differentiation have been reported from studies of murine myeloid leukaemia (Lotem and Sachs, 1974 The fact that cultural characteristics seem to influence prognosis raises the question of how these factors could work in vivo. The well-established link between anaplasia and bad prognosis has been shown in many solid tumours and our evidence that maturation in vitro seems to be the mechanism by which the adherent cells are produced may indicate that the leukaemias show the same association as do other cancers. It may be that the difference between the groups relates to the relative sensitivity to chemotherapeutic drugs applied during remission induction, though recent studies on HL-A antigens in these patients suggest that there may be genetic factors involved .
Ohe further possibility is that these macrophages produced in culture may be normal ones produced in response to leukaemia. Eccles and Alexander (1975) have found a strong correlation between the presence of macrophage in animal tumours and a good prognosis, and Gauci, Wrathmell and Alexander (1975) investigating an experimental rat myelomonocytic leukaemia using a similar culture system to ours, have shown that macrophages produced in cultures of these cells were host-derived when the leukaemia was passaged in an F1 Hybrid. However, their experiments could not totally exclude induction of leukaemia in the host cells. In the human leukaemias we have studied this seems to be an unlikely explanation as the macrophages develop over a period of one week from cells in the supernatant. This work was supported by the Imperial Cancer Research Fund and initiated under the guidance of the late Professor Gordon Hamilton Fairley. We are grateful to Professor P. Alexander, Professor D. Crowther and Dr J. M. A. Whitehouse for helpful suggestions and criticisms and to Dr M. Waterfield for help with serum fractionation.
